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CHARTS SHOWING REMTIONS AMONG PRm@

VAKL@BLES FOR K51COPTER-PERFORMANCE

By Herbert W. Talkin

In order to.facilitate solutlcnm
helicopter selectiw, the aerodyn~”c

.. ..-

AEROISYNAMIC

EsmTIoN

of the general
perfmmsnce of

problem of’
rotors is

?mesented In the fozm of”charts showina relatione between mri?zarY
~esign and performance variables. By %e use Gf conventic&al -
helicopter theo~, certain variables are plotted aridother +ar~ablea
are considered fixed. Charts constructed ~ such_a -ey ‘s~ow., .= ,.._
typical result~, trends, and.limits of helicopter performance,
Perfonna.nceconditions con~l.deredinclub hovering, horizontal
flight, climb,
vevtical cltib
hovering.

and ceiling. special probleti dif3c&38edinciuae” ,.
end the use of rotor-speed-reduction gears for \

INTROEJCTION
.

The general.prcblem of helicopter-desi~ a be”conv&i&’~y
broken do-wainto that of obtaining suitable compromises,among +&o
require?nentitipo8ed by consideratiozlsof struetI.U’eS,vibration,
and aerodynamics. The obJect of the present paper i15to pz-ovl.de
assistance for obtaining solutions for the part of the design
problem relating to aerodynamics. l%ese solutions are prea=ted
in the fom of graphical charts showing the trends and differ~CG5
in performance wid chmges in valuee of.the aerody&mlc design
variables.

The charts herein are s~the~ized from the elementary charts
of reference 1 by the choice of typical vaiues for cer-ti~ design
variables amd by plotting the relations among the remaining
variables. ‘Thequantity held.fixed ~or most of the plots is an
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mtmige lift-dra~ ratio for the rotor-blade secticms. charts are
plotted for each perfo&mmce characteristic on coordinates of the
primary parmneterflpoiw Ioad.ing6na disk loading, Corr&lathn
between the porfomnce inMcatod by the charts and,the performance
that may be realizetLin practice is chiefly dependent on a knowledge
of the profile..&a~ coefficient of the hlado under fllght cond.it~m.no.
The determination of this coofficbni”is not a X)artof IJv3prosont
P:Wer, With is restrictd to Showin& the relathnn among the
othor aerodynamic varia%les and the variation of those relations
with rotor-blade-elment lift coefficient and.rotor-blado-clemnt
profile-drag coefficient.

Tho accuracy and applicability of resul’toobtained frq tho ,
char’m aro subject to the followlmficonditions and l!,mitatX~on&:

(1) The ch~~ts arc constructed from theoretically derived
rda’:ionships. ALtho@ edoquate oxperimmrtsl data aro un~smilahlo
for detailed ch6ckingy no-definite discre~ncios havo b~on obsavod
im existin~ data such as mforonco 2. The thoovy is”considcrod
fully eatlsfzctory for tho study of ixeondsand of difforencos
in perfotince .titicaan~e in dosi~, The scupo of tho prosont
PSPW? dcms not incl& all tho aerodynamic informckhn nmtiud fm
Cictmlly solocting optimum aeroec tisi~ b9causo the rotor-
blado average effectivo profile-dra~ cooffi?iont 5 is hoUL
constant. Thus for caeos in whlchtihe value of 5 would imry
with e.design vmiablo, this variation is not shown.
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(2) fh wwor usd in the pow3r-lo@in6 paramtmr is that
d.clircrmlto tha liftin~ rotor. !I!ranm&sion 10SGCS, on~ne
cool:l.nfipowor~ tail rotor powoij or other auxilia~ power r9quiro-
mcwrtmam not iricludod. fi tho helicopter of-roforenco 2, for
mwn?le, thoso auxiliary losses a~o~to scmlo15 porcont.

(3) Tho Ckta aPPIY directly to holico~turs With a ain.@o
lift:~n~rotor ccmprismi of thmo blcdos. When countor-roteting
rotors mm umd, pa~% of tho rotational oner&y may bc comidcrod
romovod from tho slipst~oam. Tho rotational onor~ h the wako of-
a single rotor, as WOII.as tho ind~ccd-flcm-offoct of tho blade
tip, may Im’eatimatod from roterenco 1; each is ~orally 3CEIS
then 1 percmt of the rotor pOWWr. Wfti mlatiplc nmcoGtial
rotors} the holicoptor yersormanco may bo apprc&@nt@ b~ calculat~
each rotor tndopondontly with its proportionate part oi tho gross
weiglt and tho ~usol~go drag. ~liS .approxiznatfawould noglcct
tho .tnducodintcr%ronco botwcmn rotors, which dopmdo on tho
flmmctvical arrango-mont.

(~})Cartain factors tend to reduco tho porformanco of hol3.-
cop%rs. .%non~th~so are blado defomnation under load, rotor
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coning, and hub interference.
can be made small or constant

3

with careful desi~}” these factors ___
and need not therefore ird?l.uencetho

study of performance txends with desi~ changes.

A.

b

c
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cd
o
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%2
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Fb

‘rot

f

I!~

P

R

r

T

DervZations of the

rotor-disk area,

ntier of blades

charts are explained in the

SYMBOLS

square feet —.

in rotor

blade chord, feet

fusela~ drag coefficient

rotor blades, bgied on

diSk

along flight Path>

rotor-disk area A

q)pendix.

..

exclusive of

(fmA ;.m=-
\ )

rotor-blade-element profile-drag coefficient

rotor-blade-elcmmnt llft coefficient

()T
thrust coefficient —

Q4(QR)2

power-loading parameter for any

increase in F due to finite-blade number

increase in F due to slipstream rotation

fuselage equivalent flat-plqte area based on

lift-drag ratio
9

tiotor”~ower,horsepower

rotor-disk redius, feet

radius to 3 point on rotor blade, feet

rotor thrust, assumed equal to W, pounds

.—

—.—

unit drag
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induced axial velocity in rotor &Lsk, feet per second

—
veloclty of hel.tcopteralong its fM@t path,”-fretp9r

aecmd u@esa otkervflf3eindicated

rab, of climb In fcwward fli~%, feet per second unlmaa
otherwise“hdimtea””

.. . . . . -. . .

W ~oss wai&ht of helicopter IK).nuefuselage lift, pounds

17/A
#

V/l? “-

disk loading
.... .

—

power loadin~
— .- =:=a..—.=

-.-.=.

x

-..“

, --
__..=

Y~ _rgtor tip-epeed parameter
l—

Profib-drcfj Coefficient
..-
.=.>..

., _--—.

IJ tip-epeed ratio;

ieltc@ter G

that is, ratio

rotational tip

P “— maw density of air at tititude,

.-. =-
—

slug per CUMC foot
.—

P. IIIFSSS dens$ty of afr at soa lovpl} 0.00~76 ~lu+j per cubic .

foot
. ,...... ——. .. .
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lT#~dx

G
3equivalent rotor solidlty u . ~- .--= 4

\J ~ax

) ,“
bcx

where ax . —
fiR

rotor an6@Lar velocity, rdl.ans per second

at altitude

due to fuselage drag !

for hmizontal flight

induced

at sea le-ml

due .t~bl.atLeprofile drag : ““.

maximum. ,.. .,.
,.

minimum
. .

. . .

5
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ERCBLEM 03’HELICOPTER HZLFJ3TIOI!

EeMcopter selectiog till be considered to mean the selection
of values for the aerodynamic design variables that would most
nearly-obtain a destmd. performance. 2ractical conaideraticms
require a Imowledge of the useful load associated with a given
performance, end the useful load is in turn influenced by such

—.
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variables as s-lmucturalefficiency and en@33 econcmy. Data for
the emluation of these variables are not available at the pesent
time becaum the values of the variables are detemlne~ primsrily
by considerateions of vi.bratkm, saf dw, c~trol, and c@~t j
rather than efficiency considerations.

M view of such cozmiderationsthe problam of helicopter
selocticm for max5mmm4useful load i.enot conslderod at tlm promnt
time h be reducible to the form of useful performance ~eloctlon
chart[~. Aerodynamic perfozzmume chads, howover, to show trends
with variatima in the zrimary destgn variables are presented; ‘the
importance ol?.bladeand fu.elage drag is also demonstrated. A
basis for an intelligent ayproach to the eelectlon of balanced
designs is thus provided ~m accordance tith the best avai.1.ablo
on$$hx!eringdata. The problems of range @ ondnrence =6 aGeo-
cfated.with the engine-fuel econcmy and aro not &Q?ectJy cmsiderod
heroin.

M ~k loading W/A for helicoptcms with the follo~.ng doslgn.
specifications:

—.-

—.-
.

.

Rotor=disk racl~us, R, feet . . . . . . . . . . . . . . , . . 19.0
~qu.ivalontrotor solitity, a . . . . . . . . . . . . . . . . 0.056

Tip-syeod parameter @= far\/@... *.a.320 . ...320

Rotor-.bladoaverage offecti,voprofiio-drag codficiont, 5 . . 0.012
Fuselage equivalent i’lat-platoarea, f, squaro foot . . . . 1.0,0
A].ti.t@e.. . . . . . . , . ; . . . . . . . . . . .,.”;~calc3VOl
Air d~msity, PO, slugper cubic fcot . . . . . . . . . . 0.002378

There remain as dosi~ variablo~ for this case, tharofcn?o, W, P,
and ~h, any two of which detozmino tho third &ad thus dofimo a

—
.

particular helicoptor,

An onvolope of tho constant velocity cwvos ~fig. 1) reprosonts a

tho meximum powor loati~ that can bo susteined in flight at
optinxm spcmd. This envolo’peis labeled (W/P)mx in tlnofigwcs.

-.

‘=- ~i=i
-<-.+-.. [: a. .x-— -- -...—=
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power Ioadfng thet can be sustained at zero velocity
the short dashed line end is labeled hovering.

attainmmt of matimum power loatin~ were the m7y

object of the design of helicopters with the constants of figure 1,
the ft~me would s’~est the use of as low a disk loadin~ as posalble.
XYgure 1 chows that the power loading canbe increased ~s @ disk
loading is decreased. For a given helicopter POW*, the rotor size
increases with decreased disk loading and.,therefare, the rotor
weipht 5ncrrease5. A coqmmmlse between rotor weight findincreased
power loating would give an optiunm disk loading. Siticetifo~- .
tion on the varis.tlonof rotor weip>t with size and solidity is
unavailable, this opttLlwmis not shown.

The curves of constant velccity @ve an optimum disk loading
to obtafn maximum power loating. ‘Yhlsopt+tuwnis obtained %ihen
the inducmi drag balances the profile drag. At Iamr disk loading
the p~ofi.?!edra~ is too hi~h, ~ihereaeat hl@er disk loading the
induced dzzagis the determining factor. The value of this o~timum
is fyeatly dependent upon tineprofile drs~ attainable in flight.
Decreasing the profile drag decreaaos the optimum disk loadin~.

. For low forward spbeds the hd.zced dreg is so @ortGnt that the
optdmmnnoccurs below a disk loading of 1/2 pound p~l’square foot.
Since the disk area would he exkmnely lara- in this range of disk

. loading, those optimmm are not shown.

Curves of maximumrste of climb are shown in fi~o 2 and,
for ccmparfson, the hoverin~ anclthe matimm~owor-loading curves
from figure 1.. Curves of constant service ceiling (rate of climb,
100 ft/~aro shovm in fi~e 3; also shown ~~e tho hoveri~ and
the max$mmnpowm-loating curves frczufigure i. The curves of
service ceilin~ are based on constant rotor revolutions per minute
wikh rotcr powor proportional to the density. The power-loading
male is for ‘&e sea-level condition.

—

-.

Conclusions drawn frcm fi~cs 1 to 3 am subJoct to the
constant values arbitrarily assip~ed to a, 5, yt, ?2, or f.

Attention Is called to the fact that the Mack number at the tip of’
the ad.mncing blade will affect the value of 5; also, the hi~m?
values of the tip-speed ratio v encountered at tlw higher forward

. speeds may be impractical .frcmconsiderations of stability and
control. Fnr them and other reasons Zt Is necessary to consider
changes that may occur zs the fixed quqntitios _&-Gvaried. Fnr

. this purpose, other t~es of charts are ~ntroducwi. .
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??hetypes of charts presentsd are sumnariZed in teblo ~.
The gone~aliztxlcharks are +he mcwt cmpa ct but in m.me roapocto
the Mast convenient to use becawe Wae;fshow relations amon~
Ccmplcx parameters. The pomxr-lozdhg M sk-loading oharts are
more dtrcct roei!i~”.”In mvter to faci.iitateMscuesimn of the
paranwtws used, the elementary design vaiiiablesto be seloctffil
are listed in taliieIX. ~,ecific.ationof the elcgmr.tarytisiW .
variables essentially deterxlnes the IitiiiCopi~-raerodynamic
performance, which ineybe expressed in terms cf the olomentary
pcmfounan.c”emzriables listed in table ~1. Tho “h-go mmilmr of
tho dc,si~ veriablos affectin~ helicopter pwf ormance ccmpliceto~
the direct .~e~hical presentation of the offocts.

Tho Problem C%~ bo simplified by”the ueo Of fundamental
parsmetars cmch roprosonting a signifit-t group af variables.
From the analysis of rofermco 1 tho fundamental dosi/~_pargmmturs
ot tablo XV erc dbtained. Tho corroeponding y&formancc paramot~9
aro @von in tbblo V.

A comparison of tables II and IV shows that uso of tho funda-
ruentaldosigo parameters roducos the nmibor of variables &cm
sovon ‘tofour, but although this reduction greatly simpltfios
grcph~sal prcsontation it corrcmpond.in@y canplicatcm tho intor-
protat,Lonof tho graph. A compromise hetwocn tho oxtrcmoa of the
ehncmtary and”thtifun.ikmontaldoei~ verlablae may bo based cm
use of”the femiliar perametors yyoworlomling and disk loa~~.
!l?hlscmpromise, howuvor, reduces tho nwabcr of vartablos by anly
Om . — -.

Gcmxmli zod Selocthn Charts

A gonaralized sol.ectionchart is shown in fibgme 4. Tho
si@ificance of tho chart is best explained”by a brief description
of its derivation. A ft~lor d@vat@n fQr all fi~es is glvon
in thogppmdix.

On a simnle ~aph only three variables cm be shown. ThcJ
four fundmncmial desi~ psrcamtm~ (table XV) plus 5 and a
porforn-tice*“ambtor make a total of six; cnneequcmtl~ threo
v~-iablos w.ustbo ftied. As explained in tho ‘lEdxcckiuctf.an,‘r
constant VSIUOS.have been asst~od to 5. The value of 5 for

. .
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Y~ 6’
=—- and the quantity aYt2 = —
Y~

Thus,
PO% “

quantities determine the third end, in general,
en optimum combination will exist for each performanc~.req~rmen%.
The investigation of this opt~~mn is not huwmer part of the .
present pa~err. For the present purpose the v.slimof w is fixed
d. 0.3 and the value of fsY#, at X40. As computed.from i3ec-
tion 8e of referense I this value of ayt*- corresponds to an
averago effective rotor-blade-element lift coefficient of approxi-.
mately 0.44 in ilovc3rtig. ,

In fi~e 4. curves of constant @fh are plotted

on a logaritlmlc scale of tho reciprocal of the power-loa~g

1 (w Wq
parameter — . - - —

% IJllp
ageinet the horizontal-velocity

r

Ap_ ~m ~=oo12
.

parameter Yh c Vh
w PQ

. . The condition

DYt2~= — = 5740 relates the so~dity 6 to Y% and
90%

—

thomfcre

to Y~ rAPby the curve of a apjctnst Yt =(2R - — shown in thQ
w Po

lower part of the $i~e.
w

1

r

WtipoCulnmsof —=- -—
r

AP
Fh PAP

against Y* =QR – — for hovor@
w p..

are also shown in figure 4 and.cover three con~ttmns, namely,
untwtsted rectangular blades with 5 = 0.01.2 and uniform disk
loading %d,th s = 0.012 and 5 = 0.006. The powor ro”quirodfor
untwisted blades is only about 4 percent h5@er than the optimum
that is obtained with un?fozm disk loading. Unless othexnd.se
stated, uniform disk loading is used throwout tka present pqpr.
Tne effect of b on tho power,rcqzired fcy hoveri33g is L2rgoj
howovor, tho effect of 5 Is about 41 po~cont ~eator for W = 0.3
than for hovering, in accordance witlhequation 23 of %oforence 1.
This effect is s~o~
hut with 5 = 0.005

The restriction

tho relation between

by figure 5, which-is sQ&.r to fi~e-A -
ins%ad of 5 = 0.012.

Qf fi@U?e 4 to tho Condition W = 0,3 fiXOS
Yh

Yt and yh in thet V= ~=, but illaOaS~
“t

— ..
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~ ~~a 7 Qn(l8 show CIJZ’TeSof constcnt values of the maximuu
rate.of~-foz”wrd-clitipetmneter Yc for helicopkczvsof figures 4

and 5, that is, fcr 5 = 0.012 and 5 = 0.CXN5,r;apective~ye
Besid,eElyieldhg tie mmimu.m rate of climb in forw~rd fli@t Vc,
fed per second, these curves pozmit calculations of the service
CeilIn$!. For example: lf the service ceill~ is d@ined a8
corresyondin~ to tlhevalue of p/po for M@ch tie rate of climb..

100 3Is 100 fed per minute, then Vc = —- = -..
603

Rem the vatuq of Y=

correspondin~ to any point on the fia~o, the value of P/L% WY
then be calculated for a ~ven v~lue of the disk loading W/A.

The solldity cm~esponds to crYt2= ~ = 5740. Tho figure shows
P(-JGJ

the small effect of fuselage vertical drag coofficient m the pomr
requ.irot,for Vorticd climb● Thus for ~. = 0.1 the tielabw

‘v
oquivdcnt flat-plate area in varticd cllmb 5s M percwt of tho
rotor-disk area, and at Yv . 30 thfs lergo fusetige drag increases

The effect of S in vortlcal cltib is simil.cwto tt~ cffbct
in hovering, which iE Illustrated In fiqum 4.

.

.
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—
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The last of the generalized charts is for the rate-of-forward-
climb parameter Yc shown plotted in figgire10 a@inet the dif~

ference F - l’~ between the power-loading paramster available and

that reqyired for horizontal flight at climbing speed. C~&S-”fo&
several values of the velocity parameter in cl~b Y ere sho%m.
This figure is the same as figure 6 of reference 1.

Figures 4 to 10 contain K1.1the emential aerodynamic infolm=-
tion wtthi.nthe scope of the present peper. When the disk loedin!
has been selected, these figures show directly the relations _
powor loading V/l?, rotational tlp speed ~R, and h~izon~el
TOIOcit~ Vh.

Power-LoaiMn~Disk-Loadin~ Cha~ts

The effect of the disk loading is best shown by charts i.n
which V/P. is one of the coordinates. The disk bSdlblg~y bo
varied by Mdependant chan~es in either Me rotor-blade-oloment
lift coefficiont~ the solidlty, or the tip syoed. ‘Thedisk
Ioadlng was variml.by changing the tig apood in fi@r@ 1 to 3.
l!nmn~the remaining veriablcm tn theso figures the fusqlage
equivalent fl.at-~latearea f was helticonstant and tho tip-sptiod-
ratio w %R3sal.low2dto vary. Xn tho cherts beginni~~ with ftti-o 11
the disk loading is aguin varied by changine the tip syeod3ut “
the value of M is hold constant while the f’usolegeequivelont
flat-plate arcs is varlod. It is to bo oxpctcd that considara-
ticna of minimum profilo-dra~ 10SS anfi.,conatdcratione of stability
and control at nfiwn speed will.tend to dotermn* o an opt=

value of pJ.

As has Imon pointed out, the uso of olonontar~ variables in
charts incroasos the mmkmr of variables antLthmmforo tho number
of charts as compcrod ~.lthcharts based on fundamonial paramo%ers.
In the generalized chsr’ts,fi@res h to 10, adCQ~t~ siu@lfication

was achieved by fixing the VCIIUOS of V, 5, @+h, qf+, ~~~ %2 ●

In the charts prcmontod es figmes U. to 16j th~ value of a also
is ftxud at 0.056 and the altitude 5.sreatrtctod to sea 10VG1. h
addition, the fuselage drag is oxpresso’din tcmms of the ratio f~f.

Figuro 11 shows curves for mnstcnti valu3s of f/P at sea
level on the coordinates of W/P against W/.$if~ W= 0.3
end 5 = 0.012. Also shown are tho hovcn-in~curve, curves of
mmdmwn rato of climb in forward.flight, and tlhoroglon in which
tho blade tip
occur for the
det02min0& hy

stalls in high speed. ‘Ti~ S%3~ >nS ~Ot found to
maxim.m rates of climb shown in tho fi.~os and was
stall.at may- horizontal velocity, as m@filnod

.-
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h the appendix. ThG stalls Sh-owmsho~~d ~e”regarded as a refer.
ence condition only, ineamuch as the actual still ‘dependsupon
the perticular airfoil seckions used. The naxhaw velocity vazzles
with ‘N/A and is shown by the horizontal %cals et tie top of tke
graph.:.-~he relation between the maximum velocity ad the dtds
Loadins is fixed by, among other things, the clmico 03 solidity

because the values of flt2 and Y&t” have d.sa been fixed.
)?orhi(#er speeds with a given disk lmding, it would thorefcro
he necessary to SEP1OY a higher value of Yt.

.

The most direct applicatim of.t’igum U. iB as follewa: Lot
it be tkmfiredto flnd how @ose wei~t varies tith Msk 3.oadin&
for a @von sngine with rotor ~ower 2. The curves of cons’bnt fp
in the fi@re ~-e then equivalent to cuiwm of comtant f and
the swle of’ W/P iflproportional to the GOSS woi,ght W. The
figure then diowe how for a @ven f tho &!?OflEl Wof@lt dOCrt@9GS

with ix,crecsingdisk loading %tiiletho maximum speed.increases.
Znasmuch &s tlies~rolstiozmhipa are depndcmt on the VS.IUOS
selected for tho fixed quantities, the =d qumtitics era chan~rl
On subsequent fi~”os (i’i~: 12 ta 16) SO that th~ illfhlOZICOOr
all tho si@flG~nt design veriables may ho stw?iod. The Soledxl.on
of the valu~s to be wed for the fixed quantities is dqmndont
on data outsldo the scope of tho present Faycr.

In order to ccmrparothe charts for difteront valuoa of ?3,
figure ‘.L2is mado similar to fi~e 11 but ~,it.hh51f tho blodo prmfile-
drag cof12fHchnt, that if3, 5 . 0.006. Fi@mos 13 tmd 14 ~~y
to 5= 0.012 and 5 = 0.006, rospoctlvcdy, for V . 0,2; and
figwxw 17 and 16, to 5 = 0.012 and 5 = 0.006, rmpoctimly,
for ~ =:0.4. In figures 13 and lh, the roghn of sta~ Iios
below a PO’WOr10adtng Of 5 W iS llOt‘~hOWn.

k fi~os 11 to 16 them holdcopt~s roprosontod 3y curvtis
a?mvo tho hovering CUY-W have insufficient powor to hover frco
of the &round offoct wht~o thoso rcprosontod b~ C-mvos below tlm
hovmrinG curvo require moro powor for hi~-spoorl ~li*t than for
hovorin~;. Tho first .~~p of holicoptors 10S0S thO chief ad.7anta@
Of a h~lic%btor, that is ~ tlm ability to hovor; whereas tho eoccnxl
grow posso~sos moro power than roquirod for hcwarin~.

pi gum 17 show~ tlm yowcr-loa.dingdisk-loading charactcw-
isties of holicoptors yossoss~ yowor just mffi ciont to hovor
for conditions of 8 = 0.012 and approxlmatoly wrmtsnt cl,
that is, aYt2.:5740. In ordor to avcid tho confusion of zmumroue

Curves, onLy limitq curves am shown in tho fluwo; tlmtiis. tio

. .

. ..-— *
. :;. ~==

.

... ..

..—.

. -
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two solid-line curves &efine the etiraes of fuselage drag coeff-

2.=001 * ‘hcient expressed in terns of
P“

— . 0.25 md. tlQt3
P

dashed curves are for ltmiting values of u of 0.02 and 0.18,
respectively. The constant solidity curves .me 81s0 curves of
a~roximately constant service ceilin~, varying f~om 10,000 to
23,000 feet. Mmilarly, the cvrves of constant f/P are also
curves of constazitrotational.tip speed OR var$’in~from ~~ to
850 feet per second; i~amnuch as the value of v has been fixei
at 0.3, these curves are also curves of constant horizonttil-
velociiy Vh varying fram G6 %0 175 miles par hour. Particularly
notable in this @aph is tho smEll variation in power loai@g
resulting frcm variations in a or f/P.

For greater detail, the part of figure 17 boundedby the
rectangle is er~anded in figure 18 and curves Yor intermediate
values are included aiso. D. addition, curves of rfia.~uarate of
clfnibin forward flight Vc are shown. Date.are for Goa level

in fi.~es 17 and 18; also the value of w is 0.3 only inhi@~
speed since in climb and at service ceiling the speed of tho
helicopter is that corresponding to tho -~ rate of cl-~be

In gomral, various requirements till mako undesirable tho
selection of helicopters to fulfill tho requirements of figures 17
and 18. The fl.guros are of intcmmt chi~fly for showing ttm -
relatione among the dcslgn and performance variable-s-of a ck%
of holicoptors that may be regarded as a steadar~ for ccsnparism
I.tithSpOCial designs.

The forogoing statement, as well as those in cormecti~ with
most of the other figures, apply to the same condition for 5 i.n
hovering as in hfgh speed. Since 5 is the rotor-blada average
effoctivo profilc3-dragcoofficiont, the value of 5 will in
general cha~e with Mach number and with the tip-speed mtio V.
In ordor to illuatrato tho change with V, the vallaosof 5 in

hovcrin~ and hi@ speed wero calculated for ~Yt2j correspondfi~ ‘-

to a lift-drag ratio L/I) for V= 0.3, and for the throo airfoil
secticms of reference 3. The curves of thctairfoil eoctia profilo-
drag characteristics are plottgd In figuro 19, and thg method used
for calculation is eKp18inCd in the appendix in the discussion of
fifgme 22. The values obtainod for O at V= O andat M. 0e3

. aro listed in the followin~ table:

..

—

—

.
.-

—
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‘x H(5U*

\

slllcmth Sllmcth
F1.i@t conventional NACA 3-E-13.5 NA!JAPj(.)1~
condition .

-——-----%-
t

0.01-26

liighSpOciL
(~= 3.3) I

,01.40 .0063 ,009>

—. L.—

ccmpm?in~ figunxl

5 ~ 0.006.
.-.-
,- .Sp13cial I?urpose

.

.

.-

charts

Veti5cal clfmb.- A few qmcial p~oblamaiaro of Inttiast. It—
is often ne-coasary”to hav~vailablo a dofinito rate of vortdc,?1
climb● Vertical climb may be obtainod otther tiyroducln~ the]
~OSS Wai@t of an oxi~ti~ helicopter or by doai@n& for lKO?tiCfi
Clilib. Fi@ro LX)shows the rats o: vertical cklmb that my bo
obtained by decroaslng th~ gross woi@t of a holicoptor posscsding

—.—

power J.Mt sufficient to hcm~r. Consider a hslicoptcm that has
zero rato of climb for a disk loading of 2.~“.

—
n #lo @NJs3 %wl,&t -

?.sroducod Xl porcont, the disk loadin~ would bo 2 pounds por
eauaro i?ootof tiak arm and the rcmultlng rato of climb may bc *

read frc$nfi~o HI as @O foot pm minute. (Road thti fi~zrc at
w20 porcont roductton of ~oss wei,~jtm the curvo of — = 2.) Th~
A

figuro flmcludcmseveral curves for ~,,, = 0.1 to show #o smell
Iv .--L: .:-.<. .....““

.— ..--. .<
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~ffect on the vertical rate oiiclizribof suoh a large value for the
vertical drag coefficient.

When vertical cli@ is an essential characteristic of per-
fmnmnco , designing fo~ vertical ckimb MY be &esireblo, *ich can
be done by designing for Ilovming at sane geater gross wei@t
than wilJ ke used and reduci.n~the gross weight to obtati the
required Tertieal climb, as given by figure 20. If+the helicopter

reduced gross wet@t; the soltdit$
prqortion as the moss wei@t

.
value of cJYt2.

Iiowrinn.- Figvre.21.shows curves Gf constant tip sped for
hovering on the power-loaikQigdisk-loading coordinates crosses.%y
C1.lZ’vGSOf COIISt~t SO~di@. X% %s clear i?rcuathe figure thd
increasing the solidity and decreasing the tlp speedis a
l*elativelyineffective X5am.aof increasing the power locdin~ ae
cmmyn-ed with decreming the disk loading. The effect of rotor-
blade avera~ effectivo profile-drag coo~fisient is I,ndicetedby
the tip-spcod curve of 300 fcot per second for ?5. 0.006 as
‘ccaqymed with that ~or 8 . 0.012.

.
Rotor.speed-ro5uctton wars.- The powor reqtiod for hcmerir@

with a hd.icoptor dmigcod to oporate at a maxlmti”avcrago 3.if’t-
drag ratio in hiFJ Specs can be reduced by the uso o? a ra’cor-
spoet-rduction gear. Tho hi@ lift ocmfficionts and C~0S@3@i~
high drag coofflcionts occurring at the tip of the retreating
blade in hi@ spee~ aro abmnt in hovering. Ma~Iam averago
lift-drag rGtIo of tho blado sections occurs at a higher lift
coefficient in hovering (w= O) than at hf@ Jpocd (w= 0.3)
with lineresult that a lomr rotational epeod 5s desira310 in
hovering. The optimmm gear ratio amd the rosultin~ advantauw
dqond on tho characteristics of the airfoil sohttons usmi. Tn
figuro 22 th~ greatest percentage decreaso in tho powmr reqxlrod
for hovorh~ resulting from tho uso of a rotor-spootf-roductton
~ear, is plotted against the equivalent rotor soi.idityfor tho
throo ai.rfcilSectimw of I’lguralg. Calculations for the figuro
am explained in the appendix. Tho roquimd ~ear r~tios ad
maximm avera.w lift-drag ratios aro shown by the cwves. It %s
observod that the powor saving resulting frcm the use of a ~sr
shfft is greatly depcklent wpon tiieshape of the ourve of airfoil
soction”chsractorlaticsbut tends to be largest for high-drag
low-self.dityblades.

.
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The rslatima among the primary e8rodjnaII13.cvariables
af’fecti~ helicopter performance have been presented In the ~arm
of gr@@ CG1 charts. Trends in the variatlm o.~rfnrmance vtth
the verj.eticnof yrq variables can be obtained fron t,l~ochgrt~.
~qelected values of’some of the variables, sUcll:.s~otar-blada
avGra~p effective ‘profile-dragcoefficient, tip-spqed r.ztio,
equivalent rotor soltdity~ end so forth, wero used to co7er a r,msgm
of values expected to be onccmnterad in pvesont-tsy and fu.tura
holfcopters. For a given helicopter, thoso values ere known md,
thereforo, the propor cf~l%s @y he aslactmd.frcm vti~ tho correct
porf.orwmce tronde my he obtainod. If @’oetor QCCIXZICyi8 desirzd,
‘theccwstruction Gf charts for exact valncs of the lmown variables
in poesiblo.

~~~wr tiorial Aeronautical La~~et~~Y
Nitional Adviacu’yCamaitteo for k-ronautlca

Law@y Field, Vc.,September 3, ls94-6 . .

.

---..-—-
--

. ,. .: ..- .-.,.
>“

- ...-

. .— -.
.-: .- ;.- . . :..=. --—-..

-
—

,---
.=

,.. ... --- .* *=- ---J

.. . . .. . .. . .. -
.- .-! .-

.

. . .
.—.-.—

.

.
—-.

-. .- ..
—

..—
. .4,s . . .. . . .

.

,,.. .

..-..—
—.
.-=

,

: .—:

~r

-..” ..- :-.x
.i- ----.,-._.=.-

.,. - . .
.—

--
.,

— ~— ..- .-/- ..
.—



.

c

NACA TN No. 1192 17

.

.

.

lwPENmx

MEi?H13DS30R CQNSEKW ION 03’C31KRTS

The figures wre constructed on the basis of the equations
and charts of reference 1. Since hel.ici=pterperfexzwnce &epends
ujjonmarq”variables, scme of these variables must be ~~en
representative fixed valuem in cmdsr to show perfo~ e tiends
i.na ~ayhical form. Each chavt is made for certain fixed”
quantities: which are listed iu the descriptions of the figmes
@vea in the present ep~endix. The C~CtI’UO_kLOnof each figure
for the ~~re~entpaper iS de~cfibed in scq~~cncemd p~~ of tie
quostto~ that artse in ths aiml.ysisof the fi~rres are thus
clarified.

F?pe 1.. Fixed quantities

A.ltitudo. . . , . , . . . ●

;t:: :: :: : : : :: : :

R, ft
f,sqf;: : : : :: : : : :
b . . . . . . . . . . . . .

‘h” ‘ “ ““ “ “ ● “ ‘ “ “ “

Frcm the definitions of.—

.,

.- 6

. .

. .

. .

. .

. .

. .

the

for tiUm-t31 are aa follows:

● ☛✎✎☛✎ ● ✎☛✎☛☛ Sea level

● *<***. . . . .. . . . 0.012
● ,... . . . . . *... 0.056
..,.* . . . . . . . . . . 32Q
. ...* . . . . . . . . . . . 29
..0., . ..0. . . . . . .

. 1:
I 6, ”16, ”&, ”5i, ”7$, ”1&; i+, 200

parameters, i.tfollows that vhon

..—

I?=
h

The quantities that must be lmoun to calculate each term ore as
followm:

.
)7
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It is thus seen I&% the 65x quantit:m needed.to calculate ~
zre a, ~? % Yh) ‘ cDfh> and b. Five of three q..wrtities (G$

8, ~~s ~~t and b) are given directly by the
for fil~e 1. The value of CDm is calcuhted

.-

StcrtodCondittms

frcmlilxI

.— $=0.00(%2

One curve of X’h 8@nst V/A can now be calculated from I&3

charts of reference ~ and fmm this curve are obtained,the conotant.
velocit;~curves of figure 1.

In a shnilarmanncm the hovering cwve of figure 1 is plotted.
From equation (45) of reference 1

ITv = F5 + Fiv + Fret + Fb

.-

-.

.-

—
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.
m

.

—
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—
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.J+, .z ~- .
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,.. -.---
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The ~ower-loading parameter fcm hoverin~ is
case of tl@ fo~ vertical cklmib (Fv w2th

required.to calculate Fv are ts, 6, ~t,

19

consmemed, a l.mit~
YVY’O). The qm.ntities

Y~> md b. All sre

given by the stated caiiithns for tie figure. F= Yv = 0,

Fiv = O.0z64 for umiform load distribution. The velue of Fv

is 0.03924 corresponding to which the hcrvering curve is drawn In
ffwe 1.

Figure 2.-FigureI2 shinscurves of ma-a rate of clinib
superimpmed for congarimn on the hover~ng m.n?veof figure 1.
The necessary calsulatims are Imsei%cn figure 6 of reference 1,
vhtch is repr~uced. herein os fi$ure 10. The rate-of-fcmard-
cliribpammeter Y= is sea~ frcnnfz~e 3.0for known values of Y

cm.d F - ~. For the maxXmnn rate of clinib,use is made of the
Ininimm value of l?~ or X’fin corresponding to a beet value of Yh

‘r ‘best @venby fl@xre 7 of reference 1 intmms of u, 5,-

Yt> and wh, &U. of which are known. In the present exaqple,

Ftin = 0.0235 and the correspofi+s.gcurve OY W/P a@nst W/~
1s @otted in figures 1 to ~ as the curve for (W/P)M.

Figure 3.- Figure 3 sho%mcurves of constant service ceil%
(60 Vc = 100 ft@i) superfqosed on the hovofi-ngsnd.maximum

power-loading C-vrms &ran ff.gure 1. Those curves are based on-the
cordltion that the rotor &iving powor is proyortior@ to the air
density because of the en@ne characteristics. The devGlqm6nt
of tie ~q~tion ior ~~ c~OS fo~O~.

T& qyaxrkitiesconsMmx3d &Axod for tlgwe 3 are as follows:

u . . . . ...*..... ● ,, *...,**,*,* . . . 0.0%
E.............**. . . . . . . . ..* . . ..o*ol2
Ye . . . . . . . . . . . . . . ,*. ..32 Q . . . . . . ..32Q

%fh. *.*...**.**..**.*.. •**.=*.*o.oo~2
i). . ,. . . . ● . ● ● ● ● . , , ● ● .’. ● , .* .~. . . ..a3

Tho madnmnratm of cliniboccurs for Y = %oet “ For tho

conditims at sea level
()

PI the ValUO C)f Yboat ObtS.hOd.
~=

from figure 7 of reference 1 is 4.6.7and does not change si@fi-
cantly wl.thaltitude. The power-loa~~ parmetor for tho ~
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(Yc=z.ml?
.“ . .

- ‘tin) —-..:.-..-=-=.-- ,- ti.~

For the rate of- cI%II of 10I5Ark
.-

per mlmxte

.— --. . ... - —.. -

P, p
~

-. —
~’ P
. Q, ..=. . ----- . . . . -

.- —.. .—-.. — . .

and kmnco

.. . , ... . ----- .. . . . ..
-- - .. - .“ ..=

1A p
-\l——

.Vw P(J (=330 F- ‘tin’)
-- . . .

(1)

..- ~. -e..----.=----
—

#

-.

.. . —

.-.—

,--, -— -.. . =

as has been ex@_aine&_for Fh in’conn6cti~. vtithfl;,we 1. !l?h9
.,

paremoter that veries ti.t,haltl.t~ In tha present.em~le,
—.-.

—
_= -.

—
--.,—.-

k-

--+
—+.--.=..-*
.—

—
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3j’8. + “* (1+ 4.61-L’j Yt3

frcm which, for the specified constants,

[

F5 = 0.0130 0.09

At sea level, F. = 0.0235
min

r

SE+o”’%rl
and, therefore, at altitude-.

Fe-
= 0“0235““0’0’30P*”’k+‘W3tI-0“0’30
= 0.0105“+-.0.0012

&O”OWkY’2

Hence, frczaequation (1)

rAp—-.=w Po (
330 Fa -Famn

)

.,. .-

,

.330[;(Q:y2fi.o.olo, “o.oom~-o.cnly$jq

.

Solving for P,~ #ve6 — -

P PO

[ ()

PO 3/2 P.
—=—-+ 0.0105 ~

IV
w

w 3309
-!-0.0012; + 0.03.3.8

I
(2)
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CorresponUn~ to oech altitude is a ratio p/pO, and frcza

equation (2) is obtained a cuxve of W/P a~inst VIA. C.urvea
for Stan&d density altitude are shown in figure 3.

Firve 4.- The quantities considered ttxed in fi.we 4 are.--.,.—.

. ~ .:--- .
~~t ● ✎☛✎ ☛ ✿✟✿ ✎✎ ✎ ✎ ✎ ☛ ✎✎✚ ✎ ✎ ✎ ✎ ✎✎✎✎ ✎ ✎ ✎ ✎

❇ ● ● “~ * “* * .’”.””’.-~”;”:”=”.
** . . ...” . .”.”...,%

CD
.x-.. .
-. *..

~h c-=”- ‘“ ‘ “-‘, “:::

b...= o; o;.*...’.*

As explained for figwre 1,
for Fll are d, ~, yt~ ‘h>

.
... *.. .. ,0.. .*. * !mQ . .:

.“. ..”., .. **.* .*O. 0.3
0,0.12. ...=... .#@. i* $1.~

“0 0, 0.005, 0.01, 0.02, O.q
,

● ,.. . . .. .. . .. . ..
,. .--””

... ,.. .* .*.* . ..*OJ
. .

constants for the figure. For exmple, a value of cs Comespcmdfl
to each value oti Yt selected in accordance with the @van com33-

in fig. k.) Thus dl quantities mquimd for ,Fe ‘ are knom,
l,ikendse, a value of yh corresponds to cmch velue of Y* h

accordance with the relatd.on yh = Vyt = o.: Yt, thus all tho

quantitiesneed.odfan Fh are kncwn. ~ fi~e 4 the reciprocal

1 w
of Fh,“-–that2S, — = ~

d

w PO
- —, has been plotted to meke the

Fh Ap

vertioa:lscale proportional to the famfl.i~ quanti-lq~ii/P.

..
-

.

.

C!a:Lcuhtlone foy the hovering curves shown in flgure h are
similar to those e~lalned in connection with figwm 1. For’each
value of r% selected,, IY is Gbtained? as in &o case of kori-

zontal flight, frcm the relation oy.b~= 57!Kl● Czlcula%icma of Fa

v?Gremade for both S . 0.012 and 5 = 0,006; thus, the two
—

hoverin~{curveu aho%m in fi~e 4 are produced, .

As explained for figuzm 1, tho value of the tiduco& power-
—

loadin~ parmneter in verticfilf’ll@t Fiv needed to ca~ato F a

a~plies to hoveri~ when Yv---10, The value of E’~v vafiieswdth

tho blado dlep~, the lowes%-value occurring -ilthbL3des shaped for
uniform axial-inflow-velocityM stribution. O%CA distributemm

...-<_
.- .. —

.- .—
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requiro a tamred and/or twisted blade. For
M&s the ~lue of FIV is ap_pro.xinatel.y5

the present calculation the mizdmum value of’

23

untwisted rectangular
perced higher. In

Fiv = 0.0264 is

generally used.because it serves as a convenient reference. The
hovering curve in fi~e 1 shows only about k percent difference
in W/2 for the two extreme cases.

Fi.~e 5.- Figure 5 is similar to figuzze4 except that 5
has e vslue of 0.006 instead of O.QK!. —

Fi&ure 6.- Figure 6 is stmi.larto fi~e & excepb the
.-

q.uant~ty M is the vartable rather than Yh, which is fixed at 75.

Curvesof conetzmt 5 . 0.012 md 5 = 0.006 me shown

%,
= 0.010.

Fi+u~es 7 ma 8-- The calcuktions ~de for fi~eS
are 5—Wlar to those made for figme 2.

for
.-

-.
7Snd%

.4.—

Figwre 9.- Figure 9 lnchxdes, in addition to the hovering
curve for 6 = 0.012 Of figUIW4> CUZ’VeB fO% VertiMl fli@lt fOr
two values of ~ and for values of the rate-of-vertioal-cltib —

T
parameter up to Yv = 30. The calculations for this fi gdre differ

from those for hoverin& only in obtainin~ J?iv for the gl~en

values of ~v and Tv from figure 5 ot reference 1.

Rigure lo. - Fipjure20 is a reproduction of figure 6 of refezr-
Gnce 1.

Figure 11.- Fi~e IL differs ficauthe generalized fi~e 4
in substitutim of constent f/P for @fh and in selectiau of

the values u = 0.056, Yt = 320, Y~ = 96, and ~. = 1.
Q-J

By definition,

‘hCDfh = ~
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%
‘h

()
~“3/~

=—Fk ~
fh P ,

.,
--—

—
.<

(3)

eq.mticm(3) ,

The bovndary of the region of stall ie calcul.atodm the basis
of figure 8 of rofmence 1. Tho flglwo shows that ~or the assumed

g
Ve.luo C)f aYt = 57:10, s~alltng of the Made tips may be e~octed

when the value of the a.uantity X/W 1s nom 0.5 for p= 0.3
with IL cormwponding to a section lift coeffi~tientof approxl.
metely l.~. Frcm the lower part of tilewzao figure it i~ seen
that with Yh = 96 tho velue of ~h is about 0.03. By means

of thla valua and of equation (3), tho stalling re@on is defln.eil
in fi~me 31.

Figmms 12 to 16.- FiGxreB 12 to 16 am constructed stilsrly—....—-— -—
to figure 11 but with diffurerztfixed valwes of 5 or f.L. -

Fi~e 17.. The crmd?.tionthat the helicopter shall fly at
its m~~~um speed W.WQ the saw power as requiued for hovorin~
rmtrlcts soluti.on~to the points ~f intermctfon of curws of
constant @fh with the hoveri22 curve in figure 4. From +heae

intersections tho curmm of.constant fh/P of figure 17 are
obtained bY um of ma rolati~ bGtween ~% - fh/p (OqUC-

tion (~)), which wes derived for ff,~ureU., ~ndhy use of the
hovering curve of ffguro 4 for unifcmn diek lo~dlng with 5 . 0,012.
The intorflecti.onsin figure 4 also detomnixm vqlues of yh and,

therofore~ c~Os of con8tint Vh, which mm also curvm of
constant Ql? in fi~yre 17 because v is ccmstant. ThO curves of

.

.

.—

..—

—
.—

.
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constant f/p are found to be nearly
Of cOR8~nt Vh al’of Comtant km.

ceiling were calculated by the method

25

coincident with the curves
Curves of constant service

described i’cmfigure 3, the
propervalues of the constant quantities betng used.

Fi@rre 18. - The calculations for the cwveB of figure fi ars
explained f’or fi~e 17> except that the curve~ fcm ccmst=at rate
of climb are obtained by calculation= of the type descrfbed for
figure 2 but wflththe appropriate constants.

Ftgwre 19.- Tigure 19 is adnpted from fi~e 1 of reference 3..—

Figure 20.- By reduction in the ~oss weight of a hovering
helic~ter, power mzy be made aveilable for a rate of vertical
climb. For the hoverin~ condition, Fiv has a value of 0.0264.

Frczathe definition

.—
;/2

it foJ.lowsthat if the @Gss weight W is rsduced by AW then

By means of ~igure 5 of reference 1, values of Yv may be read

for known values of FiT and ~f on the essm..tfon that the

power absorbed in blede profile ~~g does not vary with rate of
vertical climb. These qyentities define curves of constant W/A
and constant WV ‘ncwrm~es?~ Tv &@n8t Aii/%●

Fi e 22.. -7 Wines of constant tip speed S2R m coordinates
of W P a~i.nst W/A are plotted in figure 21 from the generalized



26 NACA TN No. 1192

hovering curve of fi.~e 4 for uniform diEIlsloaMnG. I’or%~Q
conM.t:Lon oYt2 = 57~i-0,the curves or constant d are s~rly

ohteined..

culatedby the methodof reference1 fozzme of the curvesin
fi@.lro19● By thismethodthe valueof S ia tie constmt dras
coeft’icientthat would ab~orb the s~mm power as the dra~ cciefficient
which varies finaccordance with We cum-es of airfoil s:ctim chm-
acteri13tics.Than, from a plot of @Yt2 ,a&iJnst Uyt’ the

ccsordinatesof tlm minimum am read. The values of 5 and of uY#

me thus datemined for maximumavsrc@ lift-&aS r.ztio. This
procediwe is carried.OU$ for hGvarinG (!.1,= O) and for M@
speed (W = 0.3). For fixed ~alues of d the r~tlo of the tiy-
spoed ycranwters is the required gear ratio. The velues of’ 5

and oCIt2thus obt&ned for hoverinG,%honuoed to calcdata the
valueof Fv for any mlected valuo of 6, my be considerocl tc
givotho hovming performancevhon a z%tor-s~md-reductionmar Is
employod. In orderto find the performanceWan a gearifinot use?,the
valueof 5 is c.dc’flatedfor hovering,the optimumvalueof aYt2
for hii~~speedbeingused. The ratioof the powmr-loadin~paremoters
for wx:tic~l flightrepresents the ratto or the powor required
for ho{erin(;tith and without the gear.
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TABLE II

ELEMENTARY DIXXLWVARZABIXS

... .. . Definition ~~ol
—-
Rotor-disk azzea A.“ .-

Fuselage equivalent ~1.at-plate azzea aA

Rotor power
. -— .---- --—

?-

Gross weight of helicopter tirnm fuselage ~if% w

Equivalent rotor solidity u

Mass density of ati P

Rotor a~tiar velocity n

TABLEIII

PERFORMANCE

.-

*
._—. .

: -.-+

Vmw .- -
-. -—,

-.! --—

= .—. :

r Definition Spbol.—

Maxiawm rate of’climb in forward flight Pc

Maximum horizcmtal velocity v~

Rate of vertical clinib(for hoverin~, Vv = 0) VT
---------- -.—.—. .:

~eiling (expressed in terms of density ratio) P/P.

NATIOIWLADWTMRY
COMMTITEXF(3RAERONA,WICS
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.

Dafinitim

Power -loading pelWIZletei’

Tip-speed parameter

Eeltcapter drag coefficient based
on rotor-tisk area

Equivalent rotor solidity

TABIX V

Sylibol

2?

Yt

‘a)f

CT

. .. Definition
A

Maximnn velocity parameter

NAxtma rate-of-forward-clhb paramet er

Rate-of-vertical-climbparameter

Horizontal-velocity parameter

Formula

f/A

Jkb 1— +x
SCR *

Symbol

IWHONALADrIsmY

Fornlul.a

coNMZLTEE FCIRAERON.MJFICS
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NACA TN No. 1192 Fig. 1
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1. z 34 5 6

Disk loading, W\A, lb/aq ft

1.- Speoiallzed selection chart for horizontal flight
hovering. p = 0.002378 slug per cubic foot; 5 = 0.012;
0.01j6;Yt = 320; R = lg.o feet; t = 10.o square feet.
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Figure 2.-
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Figure

Disk loading,W/A,

3.- Servhe oelli~ for the.

.

lb/sq rt

conditions or figure 1.
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Generalized performance chart for Qorlzontal
hovering. ~ = O.3; 6 = 0.006; dyt’ = 5740.
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Figure 7.- Generalizedperthrmanoechart for maximum rate or
cllmb for the conditionsof i?igurek. 8 = 0.012* (Vh
is the maximum speed, I.e. for Yc = O.)
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NACA TN NO. 1192 Fig. 9
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Figure 9.- Generalized performance ohart for con-
stant values of the rate-of’-vert~oal-clti para-
meter *V at sea level. 5 s 0.012; W*2 = 5740.
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Fig. 11
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Figure 11.- Power-loading disk-loading parformanc
level. p = 0.3; B = O.OU; u = 0.056; a~s :h5yfop sea
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Fig. 13
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Disk loading,W/A, lb/8q ft

Figure 13.- Power-loadl~disk-load~pemfor?aanae
P = 0.2; 8 = o.o12; a= o.056j %2 = 5’740.

5.0 6.0

chart for sea level.
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NACA TN NO. 1192 Fig. 15 —

Disk loading,W/A, Lb!sqr% NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 15.- Power-loading dlak-loading perfomiance ohart for sea level.

F = ok; 8 = 0.012; 6= 0.g6; cfYt2
= 5740.
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Figure 16.- Power-loading disk-loading performance chart for sea
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Figure 17.- P,ower-loadi~ disk-loading performance chart for sea
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Fig. 21

Figure 21. - Power-loati~ disk-loadi~ perfor-~e
chart for hovering helicopters at sea level

with UYt2 = 57400
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